Experiments also demonstrate the existence of a microsomal proteinase which is able to cleave the precursor into smaller fragments. The nature of these fragments provided some indirect evidence that phosvitin and lipovitellin light chains are situated together within the precursor molecule. 4. These precursor data fit in well with structural studies on serum vitellogenin, since it has been shown that the latter protein consists of two identical subunits each with a mobility on sodium dodecyl sulphate/polyacrylamide gels identical with that shown by the microsomal precursor. This indicates that both the intracellular precursor and subunit of vitellogenin have similar (but not necessarily identical) molecular weights. 5. It was also shown that trypsin or chymotrypsin can cleave the serum vitellogenin into leucine-and serine-rich fragments which resemble lipovitellin and phosvitin respectively. Attention is, however, drawn to the fact that the serine-rich fragment is not identical with phosvitin, since it contains eight times more leucine than that expected for the authentic phosvitin molecule [Penning (1976) Ph.D. Thesis, University of Southampton].
Many proteins contain, in addition to the polypeptide backbone, several peripheral moieties such as phosphate, carbohydrate and lipids. Although in recent years much progress has been made on delineation of the processes which participate in the formation of peptide bonds, the mechanism involved in the biosynthesis and assembly of multicomponent proteins are not fully understood.
The livers of oestrogen-induced Xenopus laevis (South African clawed toad) provide a convenient system in vitro for studying the biosynthesis and assembly of vitellogenin Munday et al., 1968; Wallace & Dumont, 1968; Dolphin et al., 1971) , a Ca2+-binding glycolipophosphoprotein with mol.wt. 450000  Redshaw & Follett, 1971; Wallace, 1970) . Elegant studies by Wallace & Jared (1968 , 1969 have shown that, under the influence of gonadotropins, vitellogenin is selectively Vol. 162 taken up from the serum by the ovaries, where it is converted into its two component egg-yolk proteins, phosvitin and lipovitellin. Phosvitin (mol.wt. 35000) is unique in that 56 % of its constituent amino acids are serine residues (Redshaw & Follett, 1971 ), many of which are contained in blocks of phosphoserine, whereas lipovitellin (140000mol.wt.) is more hydrophobic than phosvitin and is therefore correspondingly richer in leucine (Redshaw & Follett, 1971) .
The present paper is aimed at the identification of the intracellular precursors that are assembled to give the final Xenopus vitellogenin molecule and sheds light on the arrangement of the phosvitin and lipovitellin moieties within the precursors and secreted vitellogenin. The reader's attention is drawn to the work ofDeeley et al. (1975) and Jost & Pheling (1976) which related hen's-egg-yolk phosvitin and lipovitellin to the structure of hen vitellogenin.
Experimental Animals
Female Xenopus weighing approx. lOOg were used throughout this work. These animals were kept in fresh water maintained at a temperature of 22TC and were fed on diced ox liver at weekly intervals.
Injections
Animals for biosynthetic experiments were injected intramuscularly with lmg of oestradiol417f in 0.2ml of olive oil 9-16 days before use.
Buffers
All incubations in vitro were performed with a 'phosphate/saline' buffer, pH7.3 (Dulbecco & Vogt, 1954) . This contained 4.Og of NaCi, 0.2g of KCI, 1.15g of Na2HPO4 (anhydrous), 0.2g of KH2PO4 (anhydrous), 0.1g of MgCI2,6H20 and 0.1g of CaCl2,6H20 in 1 litre of water. This buffer was supplemented with 20mm-sodium pyruvate as an energy source. Tissue homogenization and cellular fractionations were performed In 0.25M-sucrose in 0.05 M-Tris/HCI buffer, pH7.5, containing25mM-KCl and 5mM-MgCl2.
Radiochemicals L-[4,5-3H]Leucine (59Ci/mmol) and L-[3-3H]serine
(500mCi/mmol) were purchased from The Radiochemical Centre, Amersham, Bucks., U.K.
Special chemicals
Phenylmethanesulphonyl fluoride, trypsin, chymotrypsin and protein standards for sodium dodecyl sulphate/polyacrylamide-gel electrophoresis were purchased from the Sigma Chemical Co., Kingstonupon-Thames, Surrey KT2 7BH, U.K.
Incubation of liver slices
Animals were pithed and cut open from the Yentra swrface. The livers were washed twice in chilled phosphate/saline buffer and cut into approx, 2-3 mm2 slices. For continuous labelling experments 1 g portions of the liver were weighed into 25 ml Erlenmeyer Jfasks, containing lOml of the buffer.
In pulse-labelling expriments 0.Sg portions of the liver were weighed Into 25m1 flasks containing 5ml of the buffer. A known amount of radioactive amino acid was then added and incubation was carriOd out at 220C with constant shaking for various time- periods. Samples of the incubation mnedium were retained for the determination of the incorporation of radioactivity into vitellogenin.
Pulse-labelling experiments
At the end of the pulse period, further incorporatiQo of radioactive amino acid into protein was inhibited by the addition of cyeloheximide; the incubation was then allowed to continue in the same buffer, In a 2h pulse-labelling experiment, cyclohexinide was added to a final concentration of IOO,cg/ml at both 2h and 3jh. In a I h pulselabelling experiment, cycloheximide was added to a final concentration of lOOug/ml at both 1 h and 21h.
This final concentration of lOOug/ml was previously shown to inhibit protein biosynthesis in Xenopus laevis liver slices .
Cellular fractionation
At the end of the incubation time, liver slices (0.5g) were washed twice in Sml of 0.25M-sucrose in 0.05M-Tris/HCl buffer, pH7.5, containing 25mM-KCI and 5mM-MgC92.
The slices were then transferred in a fresh 5ml of this buffer to a tight-fitting Potter-Elvehjem homogenizer in which they were homogenized by rotating the pestle at 4000rev./min with a Tri-Stir tissue homogeni.zer (speed setting 3-4); 12 passes of the pestle were made in all. One-fifth of the total homogenate was then retained for the determination of incorporation of radioactivity into total tissue protein. Cell debris, nuclei and mitochondria were sedimented at 41C by centrifugation at 4000g for 10min in the 16x15ml fixed-angle rotor of an MSE High-Speed 18 centrifuge. The postmitochondrial supernatant was filtered through cottonwool and microsomal fractions were sedimented at 40C by centrifugation at 105000g for 60min in the lOx lOml titanium fixed-angle rotor of an MSE Superspeed 65 centrifuge.
Solubilization of microsomal protein
The microsomal pellet (3mg) was solubilized in the presence or absence of the proteinase inhibitor phenylmethanesulphonyl fluoride. In the former case the microsomal pellet was resuspended in 1 ml of 0.25M-sucrose in 0.05M-Tris/HCl buffer, pH7.5, containing 25mM-KCI and 5mnM-MgC2 and then incubated at 18'C for 30min in the presence of 50p1 of a solution containing 6mg of phenylmethanesulphonyl fluoride/ml in 95 % (v/v) ethanol (Weber et at,, 1972) . At the end of the incubation, sodium dodecyl sulphate, 2-mercaptoethanol and Na2CO3 were added to give final concentrations of 2 % (w/v), 10% (v/v) and 50mm respectively. The suspension was then solubilized by boiling at lOO°C for 5min.
In the absence of the proteinase inhibitor the microsomal pllet was resuspended in 2ml of 2% (w/v) sodium dodecyl sulphate containing 10% (v/v) 2-mercaptoethanol and 50 M-Na2CO3. The suspension was then solubilized by incubating at 37°C overnight. (Merry et al., 1973) that 95 % of the labelled protein in the incubation medium is vitellogenin, precipitation of the medium with trichloroacetic acid to a final concentration of 10% (w/v) is an acceptable method of isolating this protein for incorporation studies. The protein precipitate was then worked up by using Method C as described by Dolphin et al. (1971) .
(b) Determination of incorporation into total tissue protein. One-fifth of the total tissue homogenate was diluted with 3 vol. of 0.1 M unlabelled amino acid; proteins were then precipitated by the addition of trichioroacetic acid to a final concentration of 10 % (w/v), and worked up by the method described by Dolphin et al. (1971) . Bleaching in H202 was found to take 2-3 h.
(c) Determination of incorporation of raioactive amino acid into either microsomalprotein, solubilized microsomal protein or swernatant protein from a 105000g cenrifugation. If incorporation into nicrosomal protein was followed, the mierosomal pellet (3mg) was resuspended in 2ml of 0.25M-sucrose in 0.05M-TrisfClbuffer, pH7.5, containing25mM-KCI and 5mM-MgCl2. A 1 ml portion of the resuspension was then mixed with 3 ml of 0.1m unlabelled amino acid; portions (1 ml) of either solubilized microsomal protein or of the supernatant from a 1050OOg centrifusation obtained in the cellular fractonation were also mixed with 3mnl of 0.1 unlabelled amino acid. Proteins in the three different samples were then precipitated by the addion of tricWioroacetic acid to a final concentration of 10% (w/v). These protein precipitates were washed five tines with 5 xSml of 5 % (w/v) trichloroacetic acid containing 0,1 unlabelled amino acid. Th precipitates were then given a hot wash at 9000 in 5 % (w/v) trichloroacetic acid for 15ri. The protein precipitates were then prepared for counting radioactivity as described by Dolphin et al. (1971 of toluene containing 5-(4-biphenylyl)-2-(4-t-butylphenyl)-1-oxa-3,4-diazole was added. The radioactivity ofall samples was counted at 12°C (see below).
Recovery of radioactivity in a polyacrylamide gel
The percentage recovery ofradioactivity in a polyacrylamide gel was calculated on the basis that thetrichloroacetic acid-precipitable radioactivity present in a sample used for electrophoretic analysis was 100%.
Measurement ofradioactivity
The radioactivity of all samples was counted at 12°C in either an Intertechnique ABAC SL 40 or a Philips liquid-scintillation counter. Automatic correction was made for quenching from quench curves by using chloroform/methanol (2:1, v/v) as a quenching agent. The accuracy of the quench correction was ±5 % (S.D.). All results were calculated as d.p.m. by reference to a standard which was counted at an efficiency of 58 % for 3H. Therefore it appeared that with both radioactively labelled amino acids, 95 % of the protein-bound radioactivity extruded in the incubation medium was associated with a single protein peak that corresponded to the position of authentic vitellogenin, thus confirming the previous results of Dolphin et al. (1971) , Merry et al. (1973) and Clemens et al. (1975) . In a time-course study it was found that the incorporation of labelled amino acid into the incubation-medium protein had a 2h lag phase . Merry et al. (1973) showed that this lag phase is the time taken to biosynthesize, assemble and secrete the final vitellogenin molecule. A typical profile showing the lag phase is illustrated in Fig. 2 
Results

Demonstration of incorporation of [3H]keucine and [3H]serine into vitellogenin
(b).
Determination of the percentage of total tissue protein biosynthesis directed towards vitellogenin production; demonstration that the microsomal fraction is a source ofprecursor molecules
The successful isolation of vitellogenin precursors depended on a significant proportion of total tissue protein biosynthesis being directed towards vitellogenin production, and this feature was evaluated as follows. Liver slices from oestrogen-treated Xenopus were allowed to incorporate radioactively labelled amino acid for the length of the lag phase. At the end of this 2h period, new peptide-bond Liver slices (1g) were incubated for 6h in lOml of phosphate/saline buffer (see the Experimental section) containing lOpCi of [3HJleucine. At the end ofthis time a 100g1 portion ofthe incubation medium was applied to a 5% (w/v) polyacrylamide gel and was electrophoresed towards the anode. The gel was then scanned at 265nm (-) and the radioactivity in 2mm slices was determined (. ).
formation was inhibited by the addition of cycloheximide. A subsequent 3h 'chase' period in the presence of the antibiotic was then followed. The pattern of incorporation from these pulse-chase experiments using either P3H]leucine or [3H]serine showed that during the chase period there was an increase in protein-bound radioactivity in the incubation medium which was accompanied by a concomitant decrease of an equal amount of label from the total tissue protein. This decrease represented a decrease of 40% in protein-bound radioactivity (see Merry et al., 1973) . Polyacrylamide-gel analysis showed that the labelled protein secreted into the medium after the addition of cycloheximide was in fact vitellogenin. These experiments highlight two aspects; first, that the molecular events occurring in the further elaboration of vitellogenin precursors during the cycloheximide chase period involve neither peptidebond synthesis nor another molecular process which is susceptible to cycloheximide inhibition; secondly, taken together these results suggest that at least 40 % of the total tissue protein biosynthesis is directed towards vitellogenin production and therefore indicates that the isolation ofleucine-and serine-1977
rich intracellular precursors of vitellogenin is a feasible task. In another experiment, liver slices were incubated as described above and then processed for the incorporation of either [3H]leucine or [3H]serine into the microsomal fraction. The results of these experiments showed that with both these labelled amino acids the specific radioactivity of the microsomal fraction decreased by 40% during the chase period; Fig. 2(a) shows the result obtained with [3H] leucine. The kinetics of the decay of radioactivity from the microsomal fraction correlates well with the appearance of radioactive vitellogenin in the medium, thus suggesting that 40 % of microsomal protein biosynthesis is directed towards vitellogenin production and that the microsomal fractions are an appropriate source of precursors.
Solubilization and identification of microsomal precursors ofvitellogenin
Liver slices from oestrogen-treated Xenopus were pulsed for 2h with labelled amino acid; at the end of the pulse period, cycloheximide was added and the incubation was continued for a subsequent 3h chase period. Microsomal fractions were harvested at 2h and 5h and solubilized in 2% sodium dodecyl sulphate containing 10% (v/v) 2-mercaptoethanol. As a precaution, solubilization was carried out at 100°C in the presence of a proteinase inhibitor, phenylmethanesulphonyl fluoride, since it has been reported that solubilization of membrane systems may release proteinases active in the presence of detergent (Lansman et al., 1974) . The solubilized microsomal protein fractions were then divided into two portions. One was used to determine the protein-bound radioactivity by precipitation with trichloroacetic acid, and the other was kept for analysis by sodium dodecyl sulphate/polyacrylamidegel electrophoresis.
The Vol. 162 Incubation time (h) labelled amino acids were the same. Fig. 2(a) shows the pattern observed with [3H]leucine, and demonstrates that radioactivity present in the microsomal protein fraction can be quantitatively solubilized by sodium dodecyl sulphate. Since the loss of label from the solubilized microsomal protein fraction followed a time-course similar to that of the appearance of radioactive vitellogenin in the medium, the polypeptides which disappear from this fraction during the chase period must represent those molecules which are destined for incorporation into the secreted protein. (Fig. 3) . This polypeptide can be assigned a mol.wt. of approx. 200000 from the calibration curves shown in Fig. 4 . The Slice no. Fig. 3 . Sodiwn dodecyl sulphate/polyacrylamide-gel analysisof[3H]eucine-labelledmicrosomalprotein obtained at the end of a 2h pulse period and 3h after the addition of cycloheximide, and solubilized in the presence of a proteinase inhibitor Samples (l00pcl) of solubilized microsomal protein obtained from the experiments described in Fig. 2(a) were applied to 11% (w/v) gels and electrophoresed towards the anode. The radioactivity in 2mm slices was then determined. 'X' marks the position of a polypeptide with a mol.wt. of approx. 200000 which disappears during the chase period. Recovery of radioactivity on the gels was found to be 90% at 2h (a) and 82% at Sh (b). For detailed methodology, see the Experimental section. This molecule had the same mobility as that shown by the precursor polypeptide identified in Fig. 3 . It should be pointed out that the analysis of solubilized microsomal protein from these shortterm pulse-chase experiments was carried out on both 11 %(w/v) and 7.5 % (w/v) polyacrylamide gels so that reliable molecular-weight determinations for the precursor molecule could be obtained. It must be emphasized, however, that even when this precaution was taken, the molecular weight of the precursor migrating in the 200000-mol.wt. region of the gel can only be estimated to an accuracy of 10 %.
Reliability ofpulse-chase experiments
It was established in the experiments of the type described above that addition of cycloheximide caused a cessation of total tissue-and microsomal-protein biosynthesis (Fig. 5) , whereas in the absence of the inhibitor the incorporation of labelled amino acids into total tissue protein and microsomal protein occurred for up to 5h (Fig. 2b) .
As the percentage decrease of radioactivity from the tissue or microsomal protein in the chase period is a measure of the amount of total protein in the fraction which is directed towards vitellogenin production, it is not surprising to find that the decrease observed depended on how well the animals were sensitized to oestrogen. This decrease varied from 20 to 60%, and a decrease of 40% could be obtained as a routine if animals 9-16 days after injection were used (see the Experimental section).
It is also apparent that at all time-intervals the microsomal protein fractions contain only 30-60% of the total radioactivity present in the tissue used for their preparation. This meant that during the chase period the microsomal fractions lost less label than that found in the secreted vitellogenin. This discrepancy could not be explained by the incorporation of label into the soluble protein fraction, i.e. the supernatant from a 105000g centrifugation, since the amount of radioactivity in this fraction was low and showed no decay during the chase period (Fig. 2b) . That the radioactivity missing from the microsomal fractions was present in the 4000g pellet was suggested by another series of experiments.
In 60min pulse-chase experiments similar to those describedin Fig. 5 , in which, instead ofcycloheximide, unlabelled amino acid was used to chase the pulse of radioactivity, incorporation into the 4000g pellet was followed. It was shown that the missing radioactivity could be accounted for by that present in the 4000g pellet and may be attributed to a low yield of the microsomal fraction owing to either the incomplete disruption of the tissue or the sedimentation of some of the microsomal fraction with the mitochondria. It is now well established from other studies that only a portion of the microsomal fraction can be isolated by conventional homogenization and centri-fugation procedures (Howell et al., 1964; Blobel & Potter, 1967; Lewis & Tata, 1973 at the end of a 2h pulse period showed that the protein-bound radioactivity was distributed among low-molecular-weight polypeptides. During the chase period the loss of radioactivity was associated with those regions of the gel corresponding to polypeptides with mol.wts. 10000, 25000 and 50000.
Meanwhile, analysis of [3H]serine-labelled material obtained at the end of a 2h pulse period showed that most of the protein-bound radioactivity was associated with a single peak which corresponded to mol.wt. 80000-90000. This serine-rich polypeptide was subsequently lost during the chase period. The loss of these leucine-and serine-rich fragments in the chase period suggests that they are related to the 200000-mol.wt. precursor polypeptide identified in Fig. 3 .
To discover whether the 80000-90000-mol.wt. serine-rich fragment was homogeneous, the material was re-analysed on a larger-pore-size gel. It was found that the material in the serine-rich peak was slightly heterogeneous and contained at least two polypeptides, of mol.wts. 65000 and 89000. It is noteworthy that a common feature of the polyacrylamide-gel analysis of serine-labelled solubilized microsomal protein was the presence of a considerable amount of radioactivity associated with the dye front. Although the nature of this radioactivity is uncertain, the mobility of the label suggests that the label is associated with compounds of mol.wts. lower than 4000, it is also apparent that this radioactivity is acid-soluble, since it cannot be detected in a trichloroacetic acid precipitate of the solubilized microsomal protein fraction. [3H]Leucine-or L3Hlserine-labelled vitellogenin treated as described in the Experimental section was applied to 7.5%.
(w/v) gels and electrophoresed towards the anode. The gels werescanned at 265nm ( )<and the radioactivity in 2mm silices was determined( Merry (1974) attempted to dissociate this molecule into its individual polypeptides by treatment with 2 % (w/v) sodium dodecyl sulphate containing 10 % (v/v) 2-mercaptoethanol at 37°C. Analysis of the products by sodium dodecyl sulphate/polyacrylamide-gel electrophoresis showed that one major radioactive band was usually produced, and this was assigned a mol.wt. of 150000-200000. Subsequently Clemens (1974) and Clemens et al. (1975) subjected [3H]serinelabelled vitellogenin produced by liver explants to sodium dodecyl sulphate/polyacrylamide-gel electrophoresis, and found that the mol.wt. of the major radioactive product was 180000. However, some radioactivity was also found in regions of the gel corresponding to smaller polypeptides. Bergink & Wallace (1974) (Fig. 6) . In experiments where solubilized microsomal protein fractions were analysed on these same pore-size gels (i.e. 7.5 %, w/v, polyacrylamide), it was found that the microsomal precursor had the same mobility as the radioactive species dissociated from vitellogenin. This implies that the precursor polypeptide of vitellogenin and the subunit of vitellogenin have similar, but not necessarily identical, molecular weights. Bergink & Wallace (1974) (Fig. 8) .
The cumulative results in the last two sections confirm previous work by Bergink & Wallace (1974) suggesting that vitellogenin may consist of two subunits each with mol.wt. approx. 200000. In addition, each polypeptide contains leucine-and serine-rich fragments which resemble lipovitellin and phosvitin in their molecular weights. It should be borne in mind that Penning (1976) has shown that the serine-rich fragment (about 30000mol.wt., Figs. 7 and 8) produced by controlled proteolytic cleavage of native vitellogenin is not identical with phosvitin, since it contains eight times more leucine than that expected for the authentic phosvitin molecule. Finally, as the mol.wt. ofserumvitellogenin is approx. 450000-550000, there appears to be a discrepancy of 50000-150000 between the mol.wt. of two subunits and that of the native molecule. Part of this discrepancy can be explained by the fact that vitellogenin contains about 12% lipid Redshaw & Follett, 1971) (Munday et al., 1968) . Independently, Wallace and co-workers demonstrated that the serum from oestrogen-treated Xenopus when subjected to TEAE-cellulose chromatography gave a new protein fraction rich in phosphate (Wallace & Dumont, 1968; Wallace & Jared, 1968) . As the more critical technique of polyacrylamide-gel electrophoresis for assessing the purity of proteins became available, it was established that the serum protein purified by a single-step procedure involving dimethylformamide was in fact completely homogeneous . Further, the dimethylformamide precipitation method was the only one which allowed the isolation of the protein with its associated Caa2+ . The easy availability of large amounts of this serum protein, vitellogenin, enabled its characterization as a Ca2+-bindingglycolipophosphoprotein with mol.wt. 450000-550000 Redshaw & Follett, 1971; Wallace, 1970) . The more recent work of Merry (1974) , Clemens (1974) , Clemens et at. (1975) and Bergink & Wallace (1974) (showing that vitellogenin may be dissociated by sodium dodecyl sulphate and 2-mercaptoethanol into one major polypeptide with mol.wt. 180000-200000) when interpreted in the light of the conventional dogma of protein chemistry suggests that vitellogenin consists of two polypeptide chains of mol.wt. 200000. This result has been confirmed in this present paper. In initial studies we have shown Merry et al., 1973 ) that incubation of liver slices from oestrogen-treated animals with labelled amino acids results in the incorporation of radioactivity into vitellogenin extruded into the medium and that this process has a lag phase of 120min. Merry et al. (1973) have shown that this lag phase is the time taken for the biosynthesis, assembly and secretion of the final vitellogenin molecule. In the present paper we have explored the nature of the events that occur during the lag phase, and have attempted to identify precursors of vitellogenin.
It was shown in a series ofpulse-chase experiments that the secretion of vitellogenin into the incubation medium after a 2h lag phase is accompanied by the disappearance of a polypeptide from the microsomal fraction; this polypeptide is both leucine-and serinerich, and has a mol.wt. of approx. 200000 (Figs. 2a and 3) . Since this molecule is the sole polypeptide species that can be characterized as a precursor of-vitellogenin, it follows that all polypeptides destined to become a part of the final molecule must have similar molecular weights from the initial stages of the biosynthetic process until the end of the lag phase. This was borne out to some extent by short-term pulse-chase experiments that showed that a 200000mol.wt. precursor was present in the microsomal fraction 60min after the addition of labelled amino acid. These results indicate that the polypeptides of phosvitin and lipovitellin must be biosynthesized as part of a polypeptide precursor of mol.wt. about 200000, which during the lag phase does not undergo any gross alteration in the length of its chain but may undergo subtle molecular alterations, e.g. addition of lipid, phosphate and carbohydrate. It should also be borne in mind that since -this precursor polypeptide is similar in molecular weight to the subunit of native vitellogenin, it would appear that vitellogenin is synthesized differently from some other secretory proteins. For example the a chains of collagen are translated as pro-(a chains), which are approximately 50% larger than the a chains present in the secreted molecule (Byers et al., 1975) .
Support for the view that the 200000-mol.wt. precursor polypeptide must be the translation product for vitellogenin comes from the work of Tata & Baker (1975) , who studied the oestrogeninduced changes in Xenopus laevis nuclear RNA. These workers showed that after oestrogen treatment, a new poly(A)-rich species of RNA (mol.wt. 2.2x 106) appeared in the nucleus. This poly(A)-rich RNA would thus be of the correct size to code for a product of mol.wt. 200000.
After submission of this paper for publication Shapiro et at. (1976) reported the isolation from oestrogen-treated Xenopus of the mRNA for vitellogenin. When this mRNA was translated in a reticulocyte-lysate system, a product with a mol.wt. of 200000 was obtained. Since it is well established that translation of a mRNA species in a heterologous system may be unfaithful in that products of the incorrect size may be obtained [e.g. translation of total mRNA from oestrogen-treated Xenopus in a reticulocyte-lysate system gave polypeptides which were immunoprecipitable with anti-vitellogenin varying from 40000 to 200000 in mol.wt. (Berridge et al., 1976) ], it is comforting to note that the present paper for the first time shows that in the homologous whole-cell system the polypeptide translated and destined to become the subunit of vitellogenin has a mol.wt. of 200000.
It should be emphasized that the 200000-mol.wt. polypeptide precursor of Xenopus vitellogenin could only be detected by us in the course of a pulse-chase experiment if the microsomal fraction of the liver was solubilized in the presence of a proteinase inhibitor (phenylmethanesulphonyl fluoride). In the absence of this inhibitor, leucine-rich polypeptides of mol.wts. 10000, 25000 and 50000, and a predominantly serine-rich polypeptide of mol.wt. 80000-90000 that contained an impressive amount of radioactivity, were identified as precursors of vitellogenin. To explain these results it is proposed that during these experiments in vitro a proteinase that is associated with the microsomal fraction and 1977 is active in sodium dodecyl sulphate digests the 200000-mol.wt. precursor into these leucine-and serine-rich fragments. Although the peptide bonds cleaved by this proteinase are not the same as those hydrolysed in the developing oocyte, the detection of the 80000-mol.wt. serine-rich fragment provides valuable information on the arrangement of the egg-yolk proteins phosvitin and lipovitellin within the 200000-mol.wt. precursor. First, the size of this serine-rich fragment forcefully emphasizes that the serine-rich species destined to become phosvitin (mol.wt. 35000) in the ovary does not have an independent existence within the microsomal fraction of Xenopus liver and that the phosvitin moiety of vitellogenin is translated in a peptide sequence which is serine-rich up to a chain-length of mol.wt. 80000. Further, the formation of the 80000-mol.wt. serine-rich fragment must by necessity involve the removal of a 120000-mol.wt. leucine-rich portion from the 200000-mol.wt. precursor. It is therefore not unreasonable to hypothesize that this leucine-rich portion may represent that part of the precursor molecule which contains the 'heavy' chain of lipovitellin, whereas the 80000-mol.wt. serine-rich fragment may contain bothphosvitin and lipovitellin light chain (Scheme 1).
In deducing these conclusions we have used the information arising from the work of Bergink & Wallace (1974) , which showed that lipovitellin isolated from Xenopus ovary contained two polypeptide chains, a 'heavy' chain (mol.wt. 110000-120000) which was leucine-rich, and a 'light' chain (mol.wt. 30000) which was a phosphopeptide and correspondingly rich in serine; it seems that both these chains can be derived from vitellogenin after its cleavage in the ovary (Wallace et al., 1972) . Bergink & Wallace (1974) also showed that mild chymotrypsin digestion of vitellogenin labelled with
[3H]leucine and 32p, produced a 90000-mol.wt. fragment rich in phosphorus which could be subsequently completely cleaved into smaller phosphopeptides of mol.wt. 30000-40000. It was thus speculated that the 90000-mol.wt. fragment was related to phosvitin and lipovitellin 'light' chain. By comparing these results of Bergink & Wallace (1974) with those on the proteolytic cleavage in vitro of the microsomal precursor, it can be concluded that the intracellular and secreted forms of vitellogenin share a similar protein chemistry.
Finally, as lipovitellin 'heavy' chain (mol.wt. 120000), lipovitellin 'light' chain (mol.wt. 30000) and phosvitin (mol.wt. 35000) give a total mol.wt. approaching 200000, it would seem that there are two possible structures for the precursor molecule (see Scheme 1). The future problem in this field involves the determination of the terminus which houses the heavy lipovitellin moiety and the arrangement of the phosvitin and light lipovitellin moieties within the precursor molecule.
In the last decade intracellular precursors of some of the multicomponent secretory proteins have been identified. Thyroglobulin and vitellogenin are the two largest proteins which are being subjected to detailed biosynthetic studies. Whereas for thyroglobulin the chemistry and sequence of addition of carbohydrate and iodide moieties to the protein backbone is at an advanced state of understanding, the precise correlation of its intracellular polypeptide precursors to the final secreted molecule is not yet unambiguously resolved (Spiro & Spiro, 1966; Vecchio et al., 1972; Spiro, 1973; De Nayer et al., 1974; Di Lavro et al., 1975; Vassart et al., 1975) . It is therefore gratifying that some progress towards such an end has been possible with the second-largest multicomponent protein, vitellogenin.
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